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Benefit from reversible conversion between two isomers under external stimuli:
Macroscopic mechanical response: a visible deformation of the sample What happens at the molecular scale?
Basic driving mechanism I. Photo-isomerization of azo-group II. Two ways of coupling of azobenzene-containing unit to a polymer chain [4, 5] Physical attachment: ionic interactions Chemical attachment: covalent bond III. Local alignment of azobenzenes to electric field vector (orientation approach [6] )
IV. Global deformation of polymer films on a macroscale
Inscription of SRGs on azo-polymers [3] :
The sign of deformation depends on backbone's rigidity/flexibility, the spacer length of azo-graft-copolymer, as well as on the mode of attachment. A present study combines coarse-grained and full-atomistic MD simulations of (i) amorphous polymer with azobenzene moiety as side chain and (ii) system composed of three-armed star-shaped units and represents preliminary steps towards a comprehensive multiscale model for azobenzene-containing systems.
• Using coarse-grained MD simulations, the deformation of the illuminated volume element is obtained on molecular level.
• The distributions of polar and azimuthal angles for chromophores orientations are received at different temperatures and light intensities and their analysis is performed in terms of nematic order parameters calculated with respect to the backbone.
• It is shown that the reason for the light-induced deformation of azo-containing polymer below the glass transition temperature is the reorientation of azo-molecules with unique propeller-like conformation.
• The self-assembly of trans-conformers of three-armed star-shaped photoreaction units from an arbitrary dispersed initial configuration to a columnar stack is observed using all-atom MD (H-bonds/π-π-stabilization).
• The "switching" of the isomerization state from trans-to-cis alters the degree of interlayer stacking and leads to twisted arrangements of individual components and volumetric changes of the packing motif. 
Stationary state with:
• certain fraction of trans-and cis-isomers • trans-isomers predominantly perpendicular to polarisation (orientation hole burning)
Simplified deterministic description:
• Molecular structure of trans-and cis-isomers: symmetry and volumetric differences
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Optimized trans-azo-conformer structure using B3LYP/6-31G(d) (very similar to obtained geometry by Yadavalli et al. [9] ).
UV light vis. light
Initial configurations for NVT-MD
1-ns MD run: first results

Mesogenic groups
Stacking structure of trans-azo-conformer (slipped-cofacial arrangement, partial planarization), where the intermolecular N-H···O hydrogen bonds enforce the formation of C 3 -symmetrical supramolecular architectures. Central aromatic core is not coplanar with the three surrounding aromatic segments, showing the conformation of "propeller blades".
The overall shape of the molecule can be defined as disc-like one.
The overall shape of the molecule can be described as non-planar one.
For the conformer depicted in this figure, bowl-in-bowl stacking can be intuitively expected.
Equilibration stage: steepest descent method (20000 steps), convergence 1·10 -5 kcal/mol/ Å.
Simulation setup: PCFF-force field, NVT-ensemble, T=298 K, Nosé thermostat (Q ratio=1), 10 6 steps, time step is 1 fs;
angle between the central flat part of the molecule and mesogene plane); P -probability density, R g -radius of gyration of azo-conformer (in Å);
Self-assembly : the seeds of columnar stacks are seen for trans-azo-conformer. Snapshot exhibiting the supramolecular selfassembly of trans-isomer starting from a random configuration at 1 ns.
Snapshot exhibiting the supramolecular self-assembly of cis-isomer starting from a random configuration at 1 ns. 
